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Objectives: To evaluate the use of novel technology to treat complex aortic aneurysms involving branches that provide
critical end-organ blood supply.
Methods: A prospective study was conducted in patients with thoracoabdominal, suprarenal, or common iliac aneurysms
(TAA, SRA, or CIA) at high risk for open surgical repair. An endovascular graft using the Zenith platform was
customized to fit patient anatomy (TAA or SRA) and combined with Jomed balloon-expandable stent-grafts or fluency
self-expanding stent-graft. Prefabricated hypogastric branches were used with a Zenith abdominal aortic aneurysm
(AAA) or fenestrated device in conjunction with a self-expanding stent-graft. Analyses were conducted in accordance with
the endovascular aneurysm reporting standards document. Follow-up studies occurred at discharge, 1, 6, and 12months,
and included computed tomography and duplex ultrasound scans, and flat plate radiography.
Results: Fifty patients were treated (9 TAA, 20 SRA, 21 CIA). The mean aneurysm size was 7.6 cm (TAA), 7.2 cm (SRA),
and 6.1 cm AAA size associated with a mean CIA size of 3.8 cm. Bilateral CIA aneurysms were present in 86% (18/21)
of patients with CIA aneurysms. Perioperative mortality was 2% (1/50) and resulted from a myocardial infarction after
a planned conduit and iliac endarterectomy required for device access. Five late deaths occurred (2 TAA, 2 SRA, 1 CIA),
three of which (2 TAA, 1 SRA) were aneurysm related. Failure to access internal iliac arteries occurred in three cases, and
two late hypogastric branch thromboses occurred. No visceral branches were lost acutely or occluded during follow-up.
Sac shrinkage (>5 mm) was noted in 65% of patients at 6 months and in all patients (10/10) by 12 months. There were
no ruptures or conversions, but nine patients required secondary interventions.
Conclusions: Branch vessel technology has made it technically feasible to preserve critical end-organ perfusion in the
setting of CIA, SRA, and TAA aneurysms. The relatively low acute mortality rate and lack of short-term branch vessel loss
are encouraging and merit further investigation. These advances have the potential to markedly diminish the complica-
tions associated with conventional management of complex aneurysms. (J Vasc Surg 2006;43:879-86.)Endovascular grafting of the aorta (EVAR) has revolu-
tionized the treatment of infrarenal aortic aneurysms. The
primary advantage of such repairs is the diminished mor-
bidity and mortality or aneurysm-related death1-4 noted in
short- and intermediate-term follow-up studies compared
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doi:10.1016/j.jvs.2005.11.063with open surgery. The durability of such repairs remains in
question, however.5-8
When the aneurysmal disease is more extensive and
involves the visceral vessels, the common or internal iliac
arteries, the complexity of the required endovascular or
open repair is increased and is associated with an increase in
morbidity and mortality.9-12 Frequently cited complica-
tions after complex aortic reconstructions include cardio-
pulmonary issues, renal dysfunction, and paraplegia, all of
which may be minimized if a less invasive approach is
available.
Several reports on fenestrated endovascular grafting
have been published on the treatment of aneurysms that
abut the visceral vessels.13-15 However, only individual case
reports of early experiences with branched endografts, in-
cluding the thoracoabdominal, internal iliac, and brachio-
cephalic vessels,16-18 have been published.
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A prospective study was initiated in 2003 to assess the
feasibility, safety, and efficacy of endovascular branched
graft designs based on a conventional Zenith (Cook, Inc,
Bloomington, Ind) abdominal aortic aneurysm (AAA) plat-
form. All patients enrolled were considered high-risk for
open surgical repair (Table I) and were treated under a
protocol approved by our institutional review board after
they signed an informed consent.
Preoperative imaging with high-resolution spiral com-
puted tomography (CT) scans were then reconstructed at
0.75 to 1.0 mm intervals and used for device planning, which
was performed on an Aquarius WS three-dimensional work-
station (Terarecon, Santa Rosa, Calif). Devices were cus-
tom manufactured for all cases involving any of the visceral
arteries, and stocked devices were used to branch into the
internal iliac arteries.
Three methods were used to address aortoiliac side
branches (Fig 1, A, B, and C):
1. Fenestrations—previously described and used in con-
junction with one of the other two designs in this report
to treat vessels that abut, but were not involved, with the
aneurysmal disease.15
2. Reinforced fenestrations—a fenestration that was mod-
ified with a nitinol ring sutured to the perimeter. This
served as a fixed region whereby a seal could be estab-
lished with a balloon-expandable stent-graft (Jomed,
Abbott Laboratories, Abbott Park, Ill), similar to the
placement of an uncovered stent in a fenestrated device.
The proximal portion of the balloon-expandable stent-
graft was then flared to 12 mm with a balloon to ensure
a seal at the nitinol ring.
3. Directional branches—tubular grafts were anasto-
Table I. The preoperative risk criteria for the patients in
each group*
CIA SRA TAA
Number of patients 21 20 9
Pulmonary disease (%)† 33 47 89
Cardiac disease (%)‡ 52 60 67
Both pulmonary and cardiac (%) 14 30 67
Renal insufficiency (%)§ 14 28 33
Prior AAA repair (%) 38 20 44
Obesity (%) 25 10 22
Immunosuppression (%) 10 0 11
Hostile abdomen (non-AAA
related) (%)
14 6 0
CIA, Common iliac aneurysm; SRA, suprarenal aneurysm; TAA, thoraco-
abdominal aneurysm; AAA, abdominal aortic aneurysm.
*All patients met at least one of the high-risk criteria.
†Defined as a forced expiratory volume in 1 second of 50% of predicted
value, the need for home oxygen, or severe dyspnea on exertion attributed to
chronic obstructive pulmonary disease.
‡Defined as an ejection fraction 35%, a positive stress test, automatic
implantable cardioverter defibrillator for arrhythmia or low ejection fraction.
§Renal insufficiency was defined as a serum creatinine level of 1.5mg/dL
or the need for hemodialysis.mosed, extending from the aortic or common iliaccomponent geometrically oriented to align the terminal
end of the branch with the target vessel, simplifying
access and ameliorating angulation within the branch.
The mating stent-graft was then a balloon expandable
(Jomed) or self-expanding stent-graft (Fluency, C.R.
Bard, Tempe, Ariz, or Viabahan, W. L. Gore and Asso-
ciates, Flagstaff, Ariz).
Many of these methods were used in combination (Fig
1, D), but only devices that required the use of a mating
stent-graft (rather than a stent as is used in fenestrated
devices) are included in this report. In general, reinforced
fenestrations were used for the visceral segment when the
calculated distance between the deployed aortic device and
the origin of the branch was10 mm. Rather than travers-
ing a long segment of artery at right angles to the direction
of flow (using a reinforced fenestrated design coupled with
a balloon expandable stent-graft), if the gap between the
stent-graft and visceral branch was 10 mm, a directional
branch was preferred. Furthermore, in the setting of
marked angulation, such as all internal iliac branches, direc-
tional branches were used.
Diameters of the aortic devices were oversized by 10%
to 15% at the proximal sealing segments, and mating
branch devices were oversized by 5% to 10% (1 to 2 mm)
with respect to the target vessel diameter. Lengths were
determined from centerline of flow analyses, and branch
vessel orientation was derived frommultiplanar reconstruc-
tions.
Directional branches. The common iliac aneurysm
(CIA) device resembled a conventional limb extension with
a branch geometry intended to optimize flow dynamics
that was anastomosed (Fig 2) to a 2-cm-long crimped
fabric tube 6 or 8 mm in diameter. The branch assumed a
helical path (180°) around the external portion of the
primary iliac component, and was constrained within a 20F
delivery system.
A catheter and wire were preloaded into the branch
(Fig 2) such that by snaring the wire from the contralateral
femoral artery, through-and-through access into the
branch was established. Left- and right-sided iliac devices
were created so that after deployment, the helical limb
opened immediately proximal to the ostia of the internal
iliac artery, minimizing any angle that would be required
for a mating stent-graft (Fig 2). Helical visceral branches
were constructed in a similar fashion, but antegrade or
retrograde designs were used. Self-expanding stent-grafts
were used preferentially in the setting of a directional
branch to provide flexibility; however, the helical branches
were not reinforced. Thus, if the mating stent-graft did not
overlap the helical segment, additional stents or stent-grafts
were used to create a fully reinforced prosthesis.
Once the branch component was entirely deployed,
modified extension limbs were used to adjoin it with the
remainder of the repair. The joint modification incorpo-
rated the placement of crimps within the overlapping fabric
components such that the matched crimps would interdig-
binat
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components and thus improving the joint strength.
Follow-up. CT scans and flat-plate radiographs were
obtained before hospital discharge, at 1, 6, 12 months, and
annually thereafter. Duplex ultrasound examinations were
conducted at all follow-up visits (excluding patients with
branches limited to the internal iliac circulation). Reinter-
ventions, sac morphology changes, and endoleaks are re-
ported in accordance with the most recent version of the
endovascular reporting standards. Technical success was de-
fined as device placement, cannulation, and stenting of all
Fig 1. A, Fenestrations, coupled with uncovered balloo
were not directly involved in the aneurysm. B, Reinfor
perimeter of the conventional fenestration and was then c
treat vessels that arose from aneurysmal aortic tissue
C, Directional branches were used to treat vessels ari
branches. D, Many of these devices were used in comintended branches with survival through 24 hours.RESULTS
Fifty patients were treated with branched devices. Tho-
racoabdominal aneurysms (TAA) were present in 9 pa-
tients, 20 patients had suprarenal aneurysms (SRA), and 21
patients were treated with internal iliac branch devices
(CIA). The mean aneurysm sizes were 7.6 cm for TAA, 7.2
cm for SRA, and 3.8 cm for CIA in conjunction with a
mean AAA size of 6.1 cm.
Fenestrated proximal components were required for
eight of the 21 patients treated with a CIA device, and
andable stents, were used to treat vessels that abutted but
nestrations, whereby a nitinol ring was sutured to the
ed with a balloon-expandable stent-graft, were used to
e setting of a small lumen and favorable angulation.
from the aortic aneurysms as well as all internal iliac
ion.n exp
ced fe
oupl
in th
singZenith Tri-Fab (commercially available Zenith) devices
ac gr
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CIAs were present in 18 of the 21 patients in the CIA
group. Table II summarizes the endovascular outcome
data. There were no conversions or ruptures.
Technical failures. An inability to access a reinforced
celiac fenestration in a single patient in the TAA group
constituted the only failure in that group. The patient
Fig 2. A,Directional branches had anastomoses that we
B,A preloaded wire was placed retrograde through the br
into the branch was established by snaring the wire.
angulation between the target vessel and the aortic or iliunderwent CT imaging, and a second procedure was suc-cessful at accessing the celiac artery through the fenestra-
tion and joining the artery with the branched device by
using a balloon-expandable stent-graft. The single death
24 hours constituted the only technical failure in the SRA
group.
One patient had a distal dissection within the superior
mesenteric artery. This was not apparent immediately after
ometrically configured to mimic native arterial branches.
such that when the graft material was unsheathed, access
e directional branches were aligned to minimize the
aft to (D) prevent kinking and optimize flow.re ge
anch
C, Thdevice placement, but the intraoperative development of
uted t
l iliac.
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phy. A dissection was noted originating immediately distal
to the balloon expandable stent-graft which had propa-
gated into an ileocolic branch. This did not constitute a
technical failure, given that true lumen access was re-
established by using microcatheter techniques and the dis-
section was treated with a series of self-expanding stents.
No postprocedural complications resulted from this issue
through 6 months of follow-up.
Three failures to access the internal iliac artery occurred
in the CIA group. In each case, the origin of the internal
iliac was not visualized after insertion of the branch limb
delivery system as a result of sheath compression of a
stenotic internal iliac origin. The proximal branch anasto-
mosis was covered in each case with a limb extension, and
the repair was completed. No retrograde leaks were noted
from the internal iliac arteries.
Early mortality. There were no acute deaths in the
Table II. Results of the branched endovascular repair bas
CIA
Number of patients 21
Mean follow-up 11m
Conduit need 0%
Technical success 86% (18/
Radiographic assessments
Mean AAA size 3.8 cm il
6.1 cm A
Aneurysm size decrease (5 mm)
6 months (%) 69 (11/
12 months (%) 100 (5/5
Endoleak
Predischarge 1 type II
1 month None
6 months None
12 months None (n 
Clinical utility
ICU stay (%) 25
Median ICU stay (day) 1
Median blood loss (mL) 800
Mean contrast dose (mL) 223
Mean fluoroscopy time (min) 61
Median length of stay (days) 3
Postoperative complications
In hospital mortality (%) 0 (1/2
Renal insufficiency (%)* 0
New dialysis need (%) 0
Paralysis (%) 0
Paraparesis (%) 0
Bowel ischemia (%) 0
Prolonged ventilatory support (%) 0
Myocardial infarction (%) 0
Wound complications (%) 0
Acute branch vessel loss (%) 15 (3/2
Late branch vessel thrombosis (%) 11 (2/1
CIA, Common iliac aneurysm; SRA, suprarenal aneurysm; TAA, thoracoab
*Defined as a 30% increase in the serum creatinine to a serum level 1.5m
†The two late hypogastric occlusions were one dialysis patient who had an
demonstrated a patent vessel, but it occluded before the predischarge comp
balloon-expandable stent-graft to bridge the helical branch with the internaTAA or CIA groups. One acute death occurred in an SRAgroup patient who had a myocardial infarction 12 hours
after SRA repair. The patient had severe coronary disease
and complex anatomy that precluded an open approach to
his aneurysm, which had demonstrated marked growth
during a 6-month period of observation. He underwent
endograft placement through a planned iliac conduit per-
formed in conjunction with a common iliac endarterec-
tomy.
Late mortality. Five late aneurysm-related deaths oc-
curred (2 TAA, 2 SRA, 1 CIA), three of which were related
to the aneurysm repair. The two deaths in the TAA group
occurred in patients with baseline renal insufficiency (one
on chronic hemodialysis) in whom neurologic deficits de-
veloped (one paralysis, one paraparesis) 3 days of en-
dograft implantation. Both patients had compromised hy-
pogastric perfusion and extensive aneurysmal and occlusive
disease. The deaths were associated with complications
connected with the neurologic deficit: one patient from
the anatomic bed treated
SRA TAA
20 9
9m 7m
25% 11%
95% (19/20) 89% (8/9)
7.2 cm 7.6 cm
64 (7/11) 50 (2/4)
100 (3/3) 100 (2/2)
2 type II
1 type III
1 type I
1 type III
2 type II
1 type III
2 type I
1 type II None
None (n  3) None (n  5)
45 100
2 3
700 900
168 344
62 117
5 9
5 (1/20) 0
5 (1/20) 11 (1/9)
0 11 (1/9)
0 11 (1/9)
0 11
0 0
0 22 (2/9)
10 0
5 (1/20) 0
0 0
0 0
nal aneurysm.
al iliac dissection during the procedure. The postimplantation angiogram
omography (CT) scan. The other occlusion was in a patient who received a
The stent-graft occluded before the 1-month CT scan.ed on
21)
iac
AA
16)
)
5)
0)
1)
8)†
domi
g/dL.
internoverwhelming sepsis related to a decubitus ulcer and the
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inadequate diaphragmatic excursion. The late death after
SRA repair occurred as a result of esophageal variceal
hemorrhage in the setting of known esophageal disease that
was unresponsive to treatment in an emergency depart-
ment. This complication occurred 30 days of emboliza-
tion of a type II endoleak and thus is considered aneurysm
related.
Secondary interventions. Additional procedures were
required in 18% (9/50) of patients, three each with TAA,
SRA, and CIA repairs. The three patients with CIA repairs
had external iliac limb occlusions (two contralateral to the
branched internal iliac and one ipsilateral to the branched
iliac). All were successfully treated with thrombolysis fol-
lowed by the addition of a nitinol self-expanding stent to
the distal aspect of the stent-graft to bridge the transition to
a tortuous external iliac artery. None of the limb occlusions
has recurred.
The three interventions in the SRA group included an
inferior mesenteric artery embolization that was treated at
30 days owing to an inability to differentiate the etiology of
the leak, an additional renal stent-graft, and a Palmaz stent
(Cordis, Great Lakes, NJ) placed to treat a type III leak at
the joint between the tubular main body and bifurcated
component.
The interventions for the TAA group included the
placement of a celiac stent-graft into a reinforced fenestra-
tion that was not successfully accessed at the initial proce-
dure, the proximal placement of a Palmaz stent to treat a
type I endoleak, and the placement of an additional stent-
graft into a reinforced fenestration.
Endoleaks and sac behavior. All type I and III en-
doleaks (Table II) were successfully treated with the
placement of additional stent-grafts or Palmaz balloon-
expandable stents. Three type II leaks were noted at dis-
charge, one resolved spontaneously by the 1-month visit,
one was treated with glue embolization, and the last is
being observed. Although the follow-up is limited with this
patient population, 65% (20/31) patients had an aneurysm
size decrease of 5 mm 6 months of treatment, and all
patients (10/10) evaluated at 12 months had sac shrinkage
of 5 mm. No patients had an increasing aneurysm size,
and there were no ruptures, migrations, or conversions.
DISCUSSION
Aortic aneurysms involving side branches are complex
in terms of operative strategies, perioperative management,
and judgment about the appropriateness of intervention.
Patients with complex or extensive aneurysms are fre-
quently treated medically and are not offered surgical ther-
apy owing to extreme morbidity and mortality expecta-
tions19; yet, many of these patients ultimately die from
rupture. Individual case reports of endovascular branched
grafts16-18 have spurred interest in this field, and this pa-
tient series provides encouraging data as well. Wider use of
these technologies will require further evaluation and de-
tailed training, however.The extension of infrarenal device technology to aortic
branches (visceral or internal iliac) must occur after charac-
terization of the infrarenal predicate device behavior.
Clearly, migration and device integrity failure will be cata-
strophic after the visceral branches have been incorporated
into an endovascular repair. Side branches are unlikely to
confer significant device fixation and resistance to migra-
tion20; therefore, a secure proximal fixation system is of
utmost importance. Further details such as endoleak inci-
dence, sac size changes, and the potential effect of morpho-
logic changes should be considered.22,23
The modular construct of devices can be used to miti-
gate some migration risk. The tubular aortic component,
which contains all of the visceral branches, is joined to the
bifurcated segment by using a lengthy overlap region (5
cm) with internally placed self-expanding stents. In this
manner, the displacement forces affecting the aortic bifur-
cation, which likely represent most of the displacement
forces,21 may be uncoupled from the tubular branched
segment, allowing distal movement of the bifurcated device
alone. If the overlap segment is extensive enough, the
aneurysm sac will not be exposed to systemic flow. Al-
though migration was not observed in this series, the
follow-up was limited.
At 6 months of follow-up,5 mm of sac shrinkage was
noted in 65% patients and in all 10 patients that completed
12 months of follow-up to date, a result that parallels the
rapid sac shrinkage associated with the infrarenal version of
this prosthesis.1 This, coupled with the absence of any
visceral vessel loss during follow-up, adds to the reassurance
that the natural history of the disease process has been
reversed without jeopardizing end-organ perfusion.
Secondary interventions have long been considered a
bane of endovascular repair. Despite the inherent desire to
avoid any secondary procedures, the minimally invasive
nature of most secondary interventions makes them rela-
tively low risk. As the primary repair becomes more com-
plex, higher radiation doses, larger amounts of contrast,
and the poor opacification of some regions of the aorta
constitute procedural limitations. In our series, we detected
a number of problems with the primary repair (type I or III
endoleaks), and then completed the repair before hospital
discharge.
It is through the examination of technical failures and
required secondary interventions that device weaknesses
can be assessed and improvements can be made. The single
technical failure in the TAA group resulted from an inability
to cannulate the celiac artery from within the stent-graft
during the initial procedure. Complete sac exclusion in this
patient was accomplished after a secondary procedure 3
days after the initial implant. Yet this problem, viewed in
the context of the required radiation and contrast use for
TAA, attests to the challenging nature of these procedures.
Ultimately, simplification of the TAA device will have
to precede broad dissemination of this technology. Device
design and deployment leave no room for error, and achiev-
ing access and the placement of mating stent-grafts into all
of the visceral vessels is labor intensive. A steep learning
JOURNAL OF VASCULAR SURGERY
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planning, patient selection, and implantation techniques.
The only technical failure in the SRA group occurred as
a result of a death 24 hours of the procedure. This was
likely related more closely to the physiologic challenges to
the patient after the open iliac artery procedure rather than
to the placement of the endovascular device. The similarity
of the SRA repair to conventional fenestrated repairs attests
to the parallel nature of the two designs. Technical chal-
lenges were only encountered in the setting of branches
arising remote from the path of the aortic prosthesis (which
would be better handled with directional branches) and
patients with extreme angulation or severe renal arterial
disease.
Each of the three technical failures with the CIA device
resulted from an inability to visualize, and thus cannulate,
the internal iliac artery after the sheath was inserted within
the external iliac artery. This was attributed not only to
concomitant occlusive disease at the iliac bifurcation but
also to the sheath size. Smaller devices within the external
iliac artery will be less likely to obstruct the internal iliac
orifice and, potentially, result in better technical success. In
each of the three failed internal iliac branches, however, the
aortic repair was completed and the ostium of the branch
limb occluded with a limb extension. There were no retro-
grade internal iliac artery leaks.
Device integrity issues have been observed with most
stent-grafts, and although the clinical sequelae of metallic
stent fractures are rare,1,24 fabric disruption has been asso-
ciated with endoleaks and rupture.5 The complex, multi-
modular nature of this device in conjunction with the
composite materials increases the risk of fractures and com-
ponent separation. Obvious areas of concern relate to the use
of a nitinol ring, particularly when a balloon-expandable stent
is placed orthogonal to the ring and subsequently flared.
The modular joint in such devices is confined to a narrow
region bounded by the ring and mating stent-graft. Direc-
tional branches are advantageous in this regard, yet their
use is dictated by the need for a relatively large aortic lumen
to allow for appropriate expansion of the prosthesis. Direc-
tional branches were only partially supported to avoid
extensive contact between two metallic components.
A longer modular joint, in contrast to the reinforced
fenestrations, makes it feasible to utilize self-expanding
stent-grafts within the branch. This appears to be particu-
larly useful in the setting of tortuosity within the target
vessels such as the superior mesenteric artery, as was dem-
onstrated by the patient who had a dissection that likely
resulted from a kink distal to a balloon-expandable stent-
graft.
Postprocedural complications in the CIA and SRA
group were uncommon. Aside from the two patients who
had neurologic deficits, they were also uncommon in the
TAA group. The association of death and other complica-
tions with paraplegia highlights the importance of this
problem.
The only case of permanent paraplegia occurred in a
patient with chronic renal failure and compromised pelvicblood flow. One internal iliac was occluded, and the other
was aneurysmal and supplied in a retrograde manner from a
prior aortobifemoral bypass. Hypotension was superim-
posed upon the aforementioned factors during a course of
hemodialysis 3 days postprocedure resulting in paraplegia
at the onset of hypotension. The patient who developed
paraparesis also had compromised pelvic blood flow and
renal dysfunction. Both patients died, and consequently we
have been deterred from embarking on extensive aortic
repairs in the setting of compromised pelvic blood flow.
The complication risks of endovascular therapy will
likely parallel that of surgical series with respect to amount
of aorta repaired.25 Given the inability to reimplant inter-
costals, coupled with the need to place devices well into
healthy aorta (perhaps 3 to 5 cm more coverage than with
an open surgical repair), it would be advantageous to
design devices that would cover the minimum amount of
aortic tissue yet protect the patient from rupture.
The intermediate-term safety and efficacy of endovas-
cular repair vs an open surgical approach in low-risk pa-
tients with infrarenal aneurysms4,26 helps to reassure us that
great promise exists for minimally invasive technologies.
Clearly, caution has been emphasized when aneurysms are
treated in higher-risk patients.19 Our approach to nonsur-
gical candidates relies on an assessment of the balance
between risks of intervention vs the risks of rupture. Al-
though the patient population treated in this series had
complex large aneurysms and severe comorbidities, they
fared reasonably well. Arguments can be made to leave
these patients untreated19; however, the universally large
aneurysm size coupled with patient concern prompted
intervention in these cases.
CONCLUSION
Despite the infancy of branched stent-graft technology
with respect to broad dissemination, the application of
these devices to the pelvic circulation and visceral aortic
segment allows for the treatment of patients without alter-
natives. Branched devices preserving internal iliac flow do
not markedly complicate endograft planning, are relatively
simple to implant, and the repercussions of technical failure
are low. In contrast, the application of similar devices to
thoracoabdominal aneurysms remains challenging in all
facets. Thus, it is imperative to initiate training programs to
develop expertise with three-dimensional imaging tech-
niques, iliac branched grafts, and simple fenestrated grafts
before addressing the treatment of suprarenal and thoraco-
abdominal aneurysms.
It remains critical to conduct further investigations to
optimize the engineering aspect of device construction,
minimize intercomponent fatigue, and match end-organ
perfusion needs with devices that are simpler to plan and
implant. As with any new technology, the long-term stabil-
ity of such repairs must await prolonged follow-up studies,
but the short-term outcomes and surrogate markers of
successful endovascular aneurysm repair are encouraging.
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This is an important article about an endovascular tour de
force: the development and implantation of branched endografts
for complex aortoiliac anatomy. It should be clear that this is not a
procedure for the faint of heart or those lacking state-of-the-art
endovascular interventional skills. Even in the hands of highly
skilled interventionalists who are worldwide leaders in the tech-
nique, fluoroscopy times averaged 60 minutes for the more
straightforward iliac and suprarenal cases and a sobering 117
minutes for the thoracoabdominal cases.
In the high-risk patient cohort for whom the procedure isthe 29 suprarenal and thoracoabdominal aneurysms, there were
four aneurysm-related deaths and two cases of paraparesis and
paraplegia. Thus, branched-graft endovascular aneurysm repair for
thoracoabdominal aneurysms is not something that can or should
be adopted by the average center in the very near future.
To be sure, this report represents the learning curve of a very
complex procedure performed in a difficult patient population. In
the early 1990s, endovascular repair of typical infrarenal abdominal
aortic aneurysms (AAAs) was challenging also, causing many to
wonder whether it would ever be adopted on a wide scale. Despite
this, clinical pioneers and early adopters worked with manufactur-
